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ABSTRACT  (S) 


A  Bysteni  of  dynnuiir  armor  for  tankfi  (Dash- Dot)  is  under  investi¬ 
gation,  A  Buccessful  system  will  sense  the  presence  of  an  anti-tank  round, 
rompuie  iin  irujedory,  uTid  defeat  it  hy  autGiTiatically  firing  viefcnding 
charges  that  will  destroy  the  attacking  rounds  before  impact.  A  sensirig 
system  of  three  optical  screens,  employing  .fillered  IH  sources  and  photo- 
conductive  delectors  (Phy  cells)  has  beun  devised.  Preliminary  evaluations 
of  the  physical  and  geometrical  detection  parameters  are  discussed.  In 
tests  of  an  experimental  screen  system,  an  liccuracy  of  about  2% 

...■hievevi  In  determining  the  unknown  altitude  and  velocity  of  75  mm  Btiells 
at  velocities  up  to  2500  fps,  Pi-eliminary  calculations  on  the  complete 
g«'um<;t!-y  of  the  system  are  presented  as  an  appendix. 


I.  INTRODUfTITON 


A  system  of  dynamic  armor  for  tanks  (Dash- Dot)  is  under  investi¬ 
gation.  A  successful  system  will  sense  the  presence  of  an  anti-tank  round, 
compute  its  trajectory,  and  defeat  it  by  autonnatically  firing  defending 
charges  that  will  destroy  the  atta-klng  rounds  before  Impact. 


Protection  is  desired  from  attacking  rounds  in  the  velocity  range  of 
from  200  fps  to  a  maxlmuin  of  5000  fps.  The  system  should  be  operative 
day  and  night  under  a  wide  variety  of  climatic  and  terrain  conditions. 


Three  major  probleni  ai'eas  to  1)6  considered  are; 


1.  Physical  detection 

2.  Geometry  >»f  the  detection  screen 

3.  (.'ornp\itatloM 

'1‘hia  paper  is  luin.ernffl  with  only  the  first  two  general  pi  oblems, 
treated  together. 


II.  SYSTEM  REQUmKMENTS 
Broadly,  the  system  requirements  are: 

1.  To  determine  missile  trajectoi'y  in  a  "suffi¬ 
ciently  short"  time. 

2.  To  ignore  objects  with  velocities  less  than  200  fp 
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3.  To  ignore  small  arms  fire, 

4.  To  be  Insensitive  to  ambient  conditions  of  sun  and  sky  light. 

5.  To  fire  defending  chargee  whose  fragment  velocity  must  be 
several  times  that  of  the  fastest  attacking  round. 

A  feasibility  study  was  undertaken  using  energy  in  the  optical  spectrum. 
One  obvious  advantage  here  Is  the  high  spatial  resolution  available  which 
makes  possible  accurate  position  and  velocity  determination.  A  3-layer 
optical  sensing  screen  was  conceived  to  surround  the  tank  as  shown  in  figure 
1.  The  defending  linear  charges  form  the  fourth  Innermost  layer.  Each 
sensing  layer  consists  of  a  series  of  uniformly  spaced  IR  sources  and  detec¬ 
tors  mounted  in  reflection  optics;  bp,  bj,  bg  represenllhc  three  detection 
cone  axe8;P^  represents  the  direction  of  flight  of  the  defending  charge.  It 
Is  assumed  that  the  attacking  rounds  move  In  or  nearly  In  the  horizontal 
plane  and  will  Intersect  at  least  one  detection  cone  in  each  of  the  three  layers. 
Axes  bg  and  are  paralleljto  each  other;  axes  bj  and  bg  are  at  some  fixed 
ai4gle.  The  direction  of  lies  between  the  vertical  and  the  "h2"  direction. 

For  normal  incidence,  the  transit  times  between  the  three  layers  yield 
the  velocity  and  altitude  directly.  F'or  xthcr  than  normal  Incldencefgeneral 
case)  the  transit  times  will  be  functions  of  the  amount  of  obliquity  and  the 
effective  separations  x  and  y  will  be  Increased  proportionally.  This  amount 
of  obliqultgr  (angle  of  approach)  Is  determined  after  the  missile  has  penetrat¬ 
ed  the  first  two  layers  and  will  determine  which  charge  or  charges  of  the 
array  need  be  fired.  The  3-layer  sensing  screen  Is  effectively  a  3  dimen¬ 
sional  owitchboarr"  wllh  contacts  being  made  optically.  Appendix  A  derives 
the  basic  equations  that  the  computer  will  be  required  to  liandle. 

III.  DETECTION  PHILO.SOPHY 


1,  Source  Modulation 


The  possibility  of  amplitude  modulation  of  the  emitted  energy  waii  inves¬ 
tigated.  This  approach  did  not  prove  fruitful  for  the  present  system  due  to 
a  lack  of  suitable  source-detector  combihition  modulatdble  at  the  required 
frequencies.  If  recognition  were  required  within  six  inches  after  a  4000  fps 
missile  penetrated  a  beam,  an  80  kc  source  would  yield  about  10  pulses, 

1 

i.  e.  ,  available  time  =  2  seconds  -  1  ms 

ToW '  0 
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Ultra-violet  sources  are  availaMn  v/hjch  may  be  effieienlly  mociulatcd 
at  this  frequency  bu)  are  too  large  for  use  in  focusing  optics.  A  tungsten 
filament  bulb  may  be  modulated  up  to  atiout  25  kc  but  with  very  pr)t)r  effici- 
eticy.  Meagre  success  was  actiieved  in  attempting  to  modulate  an  ultra- 
email,  glass  enclosed  zirconium  art';  at  1000  eps  the  modulation  had  drop- 
[H.-d  to  5%, 

2.  Steady  "DCi"  Source 

All  work  to  date  han  utilized  a  steady  light  eource  furnishing  a  single 
reflected  light  pulse.  'I'o  ar'hieve  high  spatial  resolution  it  is  nccefisary  to 
keep  tiie  source  and  especlRlly  the  detector  area  as  small  as  possitile  (re¬ 
lative  to  the  riflector  aperture).  Although  email-area  phntotui)e8  (e.  g.  1P42) 
are  available,  the  most  efficient  source  -  rieiecicr  '.'onibiiiation  has  proven 
to  be  a  tungsten-filament  source  and  a  photo-conductive  detector.  The  source 
lined  Is  a  O-volt,  0.  5  ampere  IMt-12  flashlight  bulb  having  an  efferiive  radi¬ 
ating  area  of  about  1  nnm^.  When  operated  at  its  rated  voltage,  it  has  peak 
emission  at  aiioul  1.  2f)  p.  Hy  lowering  the  applied  voltage,  the  emission 
peak  may  be  conveniently  shifted  to  longer  wavelengths  matching  available 
detectors.  At  0.  8  volts,  for  example,  peak  emission  occurs  at  about  2.  Op. 

IV.  DETECTOR  REQUIREMENTS 


1  .  Hasic  Considerations 

A  fundamental  requiremenl  of  a  suitable  detector  is  a  short  .rise- time 
constant  and  an  adequate  S/N  resp  iiise  for  the  fastest  rounds  at  the  greatest 
anticipated  (.ieteclion  distance  ("h"  in  figure  1)J  Under  some  of  the  worst 
conditions  of  oper-aliori,  pulses  in  Hiicr.'ossive  c'pannel.s  might  occ-ur  100  gs 
apart.  Koi'  aticquate  lime  reKohilini!,  it  would  be  net  essary  to  re.ach  p 
decision  in  about  25  ps.  'I'ho  tiiiic  consiant,  sensitivity,  auo  noise  rif  var  ious 
III  detectors  wer'o  investigated  to  determine  the  most  promi.sing  dctci  tor 
prenentl.y  available.  'I'lie  photo- conductive  type  oi  !H  'letecloi'  seemed  attract¬ 
ive  iiecauHi;  of  rninuti.*  size,  easy  alteration  of  scrisitive  area,  ruggerlnes.s,  non 
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System  is  not  rirawri  to  any  particular  scale. 
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microplionisni,  high  IR  Bensltivlty.  and  simple  power  supply  and  c  ircuitry 
(lemanda.  Among  tlie  cells  tested  for  anil)ient  tcMiiperature  use  were  an 
E.C.A.2  Pbs  cell,  an  Ektron  Pbs  cell,  and  a  typical  f’liSo  cell, 


All  (ho 


'if  4  I'lCi 


*  »v  p\>cn '.C.H 


a  2.  5  mm  x  2.  fi  mm  senBltive  area;  the  other  two  were  1  rrirn  x  1  rnni  in. 
area.  ,A  "point"  source  of  light  was  mechaiiilcallv  modulated;  the  output 
signal  was  fed  to  a  low-noise  amplifier  and  measured  on  an  oscilloBcope. 


2,  rime  (Constant  Measurenienls 


To  measure  time  constants,  a  ninety-ulot  chopping  wheel  was  '‘or.- 
nlructed  which  could  Im'  vata'.ecl  al  any  desired  speed  fsctv,'sen  30  rpm  and 
22,  OOO  i  piri  [jroviding  a  "square"  wave  interruption  freqi  ..  y  from  about 
45  cps  lo  about  33  kc.  3'he  Blot  width  was  2,  2  mm.  Thus,  since  the  cell 
area  exposed  was  1  mni  wide  in  all  cases,  the  input  was  actually  trapezoidal, 
neglecting  diffraction  effects. 

3.  Noise  Measurements 


The  noise  of  a  photo- conductive  detector  is  generally  taken  to  bp  the 
pure  current  noise.  E'g,  due  to  randorn  fluctuations  in  the  steady-state  current. 
As  is  well  known,  such  noise  varies  as -jr  where  f  =  frequency. 

The  observed  noise  ■■  E  where 

E  =\/ Ei^  t  Eg"  +  I'i3^  volts  P.  T.  P 

E,  ”  Aiiiplifiei  iiolflt;  i  cfer:  ed  to  the  input. 

E^  Johnson  noise  developed  across  the  cell  and  load. 
Current  noise, 
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Ah  the  bias  voltage  i.B  irurroaHeri  both  the  signal  and  S/N  im  ri.ese 
to  n  maximum  value  and  then  decay.  'I’he  optimum  voltage  oecurs  for 

watts  j 

a  power  dissipation  of  about  0.  1  ,  the  detector.  This  figure 

iias  been  roiiRhiy  confirmed  for  the  present  reiis.  Ijiihzmg  the  25  pa 
niaximuni  dcfd.sion  lime  fire viously  ii/i-nlioiieti,  one  ran  compute  what 
t'ne  niininmni  chopping  freqnimcy  should  he  at  which  S/N  tif  various 
detfrtorH  Khould  he  erjci.ti.'i  rirrl.  Thus  a  long  t  iine -constant  dctectoi 
with  excellent  seuHltivity  may  yielrl  a  superioi  .S/N  at  l)igli  frequetii  ics 
than  will  a  short  t  im'^-constant  d(,•tect^1,■  vvitli  mediocre  Sensitivity. 

This  liu.M  iJi'oven  to  lir;  the  c.-iHe.  Phami  liie  geometry  of  the  chopfuT. 
the  cell  is  llluniinated  fro  2.5  ps  at  the  fr  i-qtiency  of  about  14,000  cps, 
Kigur-e  2  li.HtH  the  noi-rnalized  responsr-s  of  the  .5  celhs  as  a  function 
of  cliopping  freriueiicy.  Time  tlid  not  permit  testing  more  than  1 
saintde  of  each  type. 

A  hare  tungsten  lamp  peaked  a1  1 .  5  p  supijlied  a  field  intensity  of 

205  I'or  each  (cllr  At  14,1)00  cps  the  I'.’ktron  cell  yielded  the  larg¬ 

est  S/N  ratio.  In  comparing  Itie  ,S/Ntatio  ,  a  small  correction  sliould 
he  made  for  the  differrmt  spectral  sensitivities  of  room  temperature  Pb.S 
and  PliSe.  The  ''half-powrm"  spectral  response  points  of  a  typical  25®r: 

PhS  cell  ill  -.Ip  an(i  v.2.  8p;  for  a  typical  25'*Ct  I’bSc  cell  (S.  11.  It.  C. ) 
they  occui'  at^vlp  ariri'v.4.5p  (see  figure  3).  For  a  theoretical  black  body 
peaked  at  1.3p,  10%  of  the  energy  emitted  lies  between  2.  8p  and  4.  ,5p. 

An  additional  correr  tlori  should  be  made  foi-  the  larger  mismatch  between 
the  PbSe  cell  ('-..t.  5p  peak)  end  the  source  ( 1 .  ,3p)  as  compared  to  the  PbS 
(^u2.  Op  peak)  cell  and  the  same  source.  Because  of  t’  e  non-symmetry  of 
the  black  body  emission  cur  ve  and  of  the  typical  photo-conducter  curve 
about  liieir  i(?Sf)(M  tive  peaks,  optimum  response  should  ot:cur  for  a  r.adia- 
tor  whose  p(!ak  o(  curs  at  a  shoi-ter  wavelength  than  that  of  the  detector. 
The  optimum  atiiount  of  mismatch  will  be  detei'mined  in  future  work. 

(VU  Aiaua  Kffeclu 

In  a  idiotocomliiclor, 

1 

N  <y 

V~A 

N  currcni  noisr’  at  a  fixed  bia.s 
A  cc'l  area 

'  Veitjally  Iran  sin  it  t  cd  from  H.  IVl.  T.alle.'y,  NOL,  White  Oak,  Maryland 
^  Total  etrdssion  to  iJp. 

"Kodak  Ektron  Deb  ctor"  handbook,  page  7. 
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For  a  cell  preforussed  in  a  given  paral)oloid,  the  energy  im.  ident 
on  the  cell  is  obviously  independent  of  area.  Thus,  the  S/.l  will  improve 
as  the  cell  area  increases.  However,  the  antenna  pattern  broadens  us 


r,en.e.itivity 


the  directivity  (resolution). 


tlFNSlNG  SCiKEEN 


To  cBtahlish  feasllnlity  it  is  first  necessary  to  determine  the  expecteti 
signal  level  (single  pulses)  for  a  wide  variety  of  operaiional  parameters 
including'  rni.ssile  size,  siiape  of  riusBile  ogive,  velocity,  missile  reflei 
liM-raln  rciTectivity,  aml>ient  illumination,  altitude,  sensing  angle,  and  eir 
cuil  narumeters.  It  is  furiner  necessary  to  rieiermine  the  trajectory  respiu- 
lion.  For  these  investigations,  two  sensing  sulj-sereenB  werv';  constructed, 
^)rie  of  these  is  a  d-elcmerit  singlf!  row  sul)-Bcreen  (figure  4);  die  otlier  is  a 
!)-elernent  triple  row  sub-screen  (figure  5)equipped  with  circuitry  to  display 
the  angle  of  incidence  visually  l.>y  automatically  switclung  on  the  appropriate 
neon  Inilbs  on  a  display  Imard  after  round  passage.  Each  element  consists 
of  a  source  and  detector,  with  axes  parallel  and  in  close  proximity.  The 
source  is  a  FH-12  flashlight  bulb  operated  at  5.  OO  volts  anrl  consunilng  2.  25 
watts;  the  detector  is  a  Kodak  Kktron  Imno  x  1  mni  Pbs  cell.  Each  is  gn 
njounted  at  the  focus  of  a  small  commercial  parabolic  reflector  of  about  I 
diameter.  'I'he  optical  gain  is  about  400  for  the  source  and  about  200  for 
the  detector;  suitable  shielding  if  'rnployed  to  eliminate  stray  radiation.  'I'he 
radiation  pattern  for  a  1  rnm  sou  e  (or  detector)  in  the  reflector  used  is 
shown  in  figure  0.  The  "half-ppwc r"  beam  width  is  .3°  included  angle.  Infra¬ 
red  trarisnii.ssion  fillers  are  available  for  operational  sucurity.  These  filters 
(figure  7)  transmit  about  90%  in  the  2p  region.  The  basic  detector  circuit  is; 


Kj  -  i’he  cell 
K2  -  I .oad  resistor 

R2  was  chosen  equal  to  the  dark  resistancfe  of  the  cell,  approximately  800,000 
ohms. 
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VI.  MISSILE  SIMULATORS 


Various  niissile  simulators  have  been  conceived  and  conetruciad 
to  investigate  the  response  of  the  sub-screens.  These  have  inciufied 
laboratory  air  guns  capaiile  of  propelling  wood  8lugB(3"  long,  3/4"  diam- 
etoi)  at  speeds  up  to  300  fps.  'I'he  DOFL  air  gun  facilities  have  been 
used  to  investigate  detection  parameters  of  Styrofoam  roundu(!2"  long, 

4"  diameter)  propelled  at  speeds  up  to  1000  fps.  'I'ests  are  currently  in 
progress  at  the  DClI'’L  I’es  Area  using  inert  75  mm.  rounds  fired  at 
speeds  up  to  26  00  fps. 

Figure  5  shows  the  laboratory  setup  utilizing  the  9-element  sub- 
scrctm  with  a  small  air  gun.  Figure  4  shows  the  experimental  arrange¬ 
ment  used  in  the  IX)l'’l..  air  gun  Ituilding  using  the  3-eienient  sub-screen. 
Figure  8  illustrates  the  instrumentation  room  just  outside  the  firing 
room,  fjhowti  at'e  the  gun  control  panel,  the  oscilloscope  with  a  polaroid 
Land  camera  for  recording  target  signals,  electronic  switches  used  to 
record  the  ihree  separate  pulses  on  a  single  photo  and  a  counter  used  for 
independent  checks  on  the  optically  recorded  round  veloci  y. 


l>K'rFCTION  PROBLEMS 


As  indicated  previously , (p.  IQthe  pulse  rise  time  and  ampli¬ 
tude  of  the  detector  response  will  depend  on  many  independent  parameters 
of  detc<  tion.  In  addition,  lioth  negative  and  positive  pulses  may  be  obtain¬ 
ed  depending  on  the  relative  reflectivities  of  target  and  background  and 
upon  the  detection  altitude.  A  negative  signal  is  due  to  obscuration.  Pre- 
liniinai  y  data  on  tiie  <  ontriliutioii  of  eat  ii  operalioiia i  pai  aiiietei  will  be 
giv(;n  anti  an  atlennpt  will  he  made  to  tentatively  evaluate  their  composite 
effect.  1'rajcctory  resolution  rneasurements  will  then  be  described. 

1.  Signal  vs  Kange 

For  detection  distances  large  relative  to  the  reflector  aperture,  simple 
theory  prediids  h"^  fali-off  of  signal  with  range  for  an  active  system.  T  he 
otjserveii  variation  of  signal  with  distance  does  not  fall  off  this  rapidly  due  to 
(a)  the  aperture  of  the  detectoi-  being  not  sufficiently  large  relative  to  the 
detet  tion  range,  (h)  the  narrowness  of  the  detection  pattern  beam  and  (c)  the 
projec  ted  area  of  the  target. 
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Point  (a)  requires  no  further  comment.  For  rather  narrow  beams 
it  is  readily  appreciated  that  at  close-in  distances  only  part  of  the 
missile  is  illuminated.  At  greater  ranges,  more  of  the  target  lies  in 
the  detection  beam.  If  the  ellipse  formed  by  the  detection  cone  and  the 
plane  in  which  the  missile  lies  is  compieiely  encloseri  by  the  projected 
area  of  the  round.  Increasing  the  distance  should  produce  no  signal 
change  since  the  flux  density  at  the  target  would  decrease  as  h"2  while 
the  illuminated  area  would  increase  as  At  such  a  distance  that 

the  ellipse  minor  axis  equalled  the  missile  diameter,  the  signal  would 
start  to  fall  off  as  h“^  until  such  an  altitude  is  reached  that  the  entire 
projected  missile  area  lies  within  the  detection  ellipse.  Beyond  this 
range  the  signal  should  fall  off  as  h*  .  For  an  illumination  cone  similar 
to  and  nearly  co-axial  with  the  detection  cone  the  same  argument  holds. 
Thus  at  sufficiently  high  altitudes  where  h'"  fall-off  holds,  the  net  sig¬ 
nal  varies  as  (h"*^)  (h“^)  =  h”^  neglecting  other  limiting  arguments. 

Since  the  beam  pattern  of  the  detector  has  no  sharp  limits  but  falls  off 
gradually  with  increasing  off-axis  angle,  a  complete  computation  of 
signal  return  as  afunction  of  range  and  missile  size  would  be  very  diffi¬ 
cult.  Further,  it  will  not  always  be  true  that  the  effective  target  area 
equals  the  projected  target  area.  This  holds  strictly  only  for  a  Lam¬ 
bertian  reflector. 

In  addition  to  these  considerations,;  it  is  founri  for  small  objects 
that  as  the  altitude  is  increased  the  return  signal  decreases  smoothly 
through  zero  into  negative  going  pulses.  A  zero  signal  return  occurs  at 
that  altitude  where  the  round  obscures  as  much  background-reflected 
energy  as  is  directly  reflected  by  the  round.  Experimental  determina¬ 
tions  of  the  effect  of  the  detection  altitude  on  signal  have  not  been 
completed  except  for  pmall  objectsfwooden  pellets)  expelled  from  a 
laboratory  air  gun  and  some  partial  data  on  Styrofoam  roundsffigure  9), 

2,  Signal  vs,  Velociity 

As  missile  velocities  increase,  the  pulse  height,  rise  time,  end 
the  pulse  width  decrease.  The  solid  line  of  figure  9  shows  the  variation 
of  pulse  amplitude  with  velocity  for  12"  long  Styrofoam  bounds  fired  at 
speeds  between  200  anci  lOOO  fps.  This  plot  is  simply  explained  in  terms 
of  the  a.'vcmgc  tirnc  cor.atant  of  a  cell.  In  addition,  «ince  iiie  average  time 
constant  is  known,  the  :re suits  may  be  readily  extrapolated  to  higher 
velocities.  The  dotted  portion  showe  ihe  extrapolation  to  5000  fps.  The 
leveling-off  of  the  "2.  5  foot  altitude"  curve  at  speeds  below  about  400  fps 
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may  be  explained  by  taking  into  account  the  misBile  length,  detection  cone 
crosB -section,  and  the  time  constant. 

Thus,  at  2.  5  feet,  the  detection  pattern  (  one  cross-section  for  normal 
incidence  is  a  circle  of  about  3.3’'  diameter.  Since  the  rounds  are  12"  long, 
the  time  spent  in  the  beam  during  which  the  radiation  return  is  a  maximum 
and  stationary  is. 


t  ■  _ 12 _  aecoti :  b 

V 


where  v  =  velocity  in  fps. 


If  this  time  is  equal  to  the  rise  time  constant  ( ^  1,  25  ms),  we  would 
expect  the  pulse  amplitude  to  have  reached  63.  2%  of  its  maximum  value,  i,  e. 
(1  -  *  100%,  For  I  greater  than  the  time  constant,  the  peak  amplitude 

should  no  longer  increase  with  decreasing  v.  This  is  observed  for  the  2.  5 
foot  altitude  case.  A  simple  cromputation  confirms  the  correctness  o'  this 
curve.  Thus,  at  t  =  1 .  25  ms. 


12  -  3.3  _ 

12 

y  - - - —  fpg  500  fpg  From 

1.21;  X  10‘^ 

figure  9,  63,  2%  of  maximum  occurs  at  v  ='v.900  fps.  The  agreement,  is  ade¬ 
quate  since  the  time  constants  o*"  the  Ektron  cells  vary  and  since  the  total 
illumination  time  is  actually 

12  f  j.:!; 

1? 

''total  - V -  Eeconds,  counting  time  from  the  moment 

the  beam  is  jupt  entered  to  when  it  is  just  cleared.  Cln  the  latter  basis,  a 
time  constant  of  1.2.5  ms  would  yield  a  velocity 

12  t 

^  _  _  _12 _  t'pc  --  1,020  fpa. 

1.25  X  10* 

Exact  prediction  is  further  complicated  by  the  awkward  geometrical 
problem  of  computing  the  rate  of  ene''gy  reflection  generated  v.'hen  the  target 


13 


SECRET 

•f/wiinu  ini  ntiionti  0«*«nM  9t  tft*  Un«id  wHMn  th«  .niiinlnt  of  thtf  ••ptenim  law*.  tKI#, 
16U.S.C..70S  tnd  7M.  ort£i«n)V9itttenof  {tt«oAt«nttlnanym«Rniftotnuntuti>orItHp«tiioiilopcoltfwted  ^liiw. 


SECRET 


ogive  enters  a  "circular"  detection  region  (of  non-uniform  sensitivity)  at 
a  constantly  varying  angle  of  incidence.  The  latter  variation  is  due  to 
ogive  curvature.  At  an  altitude  of  5  feet,  the  detection  cone  cross-section 
is  about  5"  in  diameter  a’^  a  smaller  "time -constant  veiotdty"  should  be 
expected.  The  data  presented  do  not  show  a  similar  leveling  off  since 
velocities  below  200.  fps  could  not  be  conveniently  obtained  In  the  large  air 
gun. 


Rise  times '''  have  been  measured  for  the  velocity  range  200  to  1000 
fps  at  detection  altitudes  of  2.  5  feet  and  5  feet  for  Styrofoam  rounds 
(normal  incidence).  The  resuUA  are  given  in  figure  10,  Bxtrapol^ibn  to 
higher  velocUies  is  moifc  difficult  in  t>.ij  cane  Vhan  foi-  the  pievicus  cane 
(figure  9),  Data  is  currently  being  taken  at  the  DOFL  Test  Area  that  will 
show  the  relation  between  rise  times  and  round  velocities  in  the  range  of 
1400-2600  fps  for  various  S.IiituuC  z  utilizing  7.S  mm  artillery  shells  and 
for  angles  of  incidence  of  30®  and  45®. 

In  general,  the  rise  time  will  depend  in  a  complicated  way  on  both 
the  geometrical  parameters  and  the  detector  time  constants.  For  trans’t 
times  greater  than  the  cell  time  constant,  only  the  geometrical  factors 
(e.  g.  altitude,  beam  width,  missile  length,  missile  dia.  ,  etc.)  arc  signi¬ 
ficant.  For  transit  times  leas  than  the  cell  time  constant,  we  should  ex¬ 
pect  the  peak  amplitude  as  well  as  the  fise  time  to  decrease  with  increas¬ 
ing  velocity.  There  is  not  sufficient  data  to  show  the  predominating  time- 
constant  effect,  except  for  the  2.  5  foot  curve  in  figure  9.  From  figure  10 
it  is  apparent  that  a  one-foot  screen  separation  distance  is  adequate  for 
the  spatial  resolution  of  rounds  up  to  velocities  of  1000  fps  and  altitudes  of 
at  least  5  feel.  Thus,  at  an  altitude  of  2.  5  feet  and  a  speed  of  .300  fps,  the 
observed  rise  time  is  1.  7  ms.  This  may  be  compared  with  the  transit  time 
between  screens  of 

1  foot  5  ms . 

500  I'pB  'i" 

At  an  altitude  of  5  feet  the  corre¬ 
sponding  rise  time  is  2,  8  ms.  At  1000  fps,  for  both  altitudes  the  rise  time 
is  approximately  1  ms;  similarly,  transit  time  is  about  I  ms.  For  transit 
times  shorter  than  1  ms  for  a  one-foot  fence  separation  (i.  e,  for  velocities 
greater  than  fps)  the  rate  of  decrease  of  riise  iime  with  decreasing  transit 
time  should  diminish,  requiring  either  that  a  greater  fence  separation  be  useu 
or  that  recognition  be  accomplished  in  less  than  the  rise  time. 


>!< 

The  rise  time  shall  be  defined  as  the  tinic  it  takes  for  the  signal  to  go 
from  10%  of  peak  to  90%  of  peak. 


14 


cii'ors* 


WlllWlUa  I 


Thill  conUIrt  Informrtlon  Uw  nillsnal 

t( U.  1 C., and  7M.  In tranimluldn «r uw  nwlatnii 


Mfww  (f  (hi  UnDtd  lUtN  within  th*  niMnlni  «r  th* 
¥  Ki  Mnlinti  In  any  ni-nartoan  unautharlaai  Hnw) 


tanitnut  lawa.tNH, 
layi*MHlidta>lawJ 


SECRET 


Thus 

tit  1-  conBtant  up  to  about  t"*”  -  1  njs 
I  ~dT» 

and-~rT  decreaBOH  for  T*  ''1  ms  since  detector  time  constant"^  1  ms 
.  dT* 

where 

1  r  rise  time 

T*  -itransit  lime  between  2  adjacent  fences 


f 

B 

ne 


leit 

3S 


useo 


Exact  measurerneritB  of  tjoth  the  rate  of  rise  of  signal  out  of  noise  and 
of  the  relationship  of  miaisile  ogive  to  the  detection  axis  as  the  signal  grows 
in  time  are  being  made  for  typical  firings  in  the  large  air  gun. 

Microscopic  cA  imlnation  of  typical  pulses  {see  figure  11a.)  has -yield- 
the  provisional  data  (Table  I), 

The  times  referred  to  are  for  the  signal  to  rise  to  the  indicated  level. 
These  times  are  not  uniquely  related  to  the  instantaneous  position  of  the 
ogive  relative  to  the  detection  cone. 

h.  Signal  vs.  Size 

• 

Pulse  amplitudes  of  4'’  diameter  Styrofoam  missiles  of  varying  lengths 
were  found  to  be  approximately  proportional  to  the  missile  length  for  detec¬ 
tion  altitudes  of  3  5  feet  and  normal  incidence.  The  round  velocity  was  800 
fps  for  these  tests.  The  rise  time  decreased  with  decreasing  missile  length. 
As  before,  assuming  a  beam  diarricler  of  about  2.  3"  at  2.  5  feet  altitude  and 
a  round  velocity  of  800  fiis,  it  takes 

¥ 

SOO  ft/ Bee .  ^  O.'jh  mo 

for  the  round  to  achieve  full  illumination  as  It  enters  the  beam.  Since  this 
lilt)?  i£>  ]?p.H  Ihar*  th6:  c6li  time  1.  ?  rp8)  lonf^er  than 

about  3.3"  will  Increase  the  transit  time  through  any  one  beam.  In  turn, 
leveling  off  will  be  produced  near  the  tlip  of  the  pulse,  thereby  increasing  the 
rise  time. 
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Table  II  presents  these  results  (see  figure  1  IB).  In  eac-h  case,  the 
velocity  is  800  fps,  the  altitude  is  2.  fi  feet,  and  incidence  is  normal  to 
the  missile  axis. 


4,  Tart'et  Reflectivity.  Terrain  reflectivity,  and  Sensing  angle. 


Relative  reflecting  powers  of  various  substances  in  the;  entire  0.7  to 
2.8  a  region  of  the  spectrum  Viave  been  measured.  The  reflectivity  meas¬ 
ured  in  each  case  is  the  relative  return  energy  for  a  screen  sub-element 
whose  parallel  axes  are  Inclined  at  various  sensing  angles  to  either  a  flat 
simulated  terrain,  or  to  tiie  lir.r;  of  flight  of  ts  simulated  missile.  These 
sensing  angles  range  from  normal  incidence  to  60“  from  normal. 

To  make  these  meaBurements,  a  reflcctomcter  was  designed  and 
built.  The  aub-eUment  is  mounted  on  a  rotating  head  whose  center  of  curva- 
tui’e  lies  on  the  sample  being  measured.  A  Corning  filter  No.  7-56  was 
employed  over  the  d  tector  parabola.  The  source  employed  was  a  fi-volt 
PR-12  bulb  operated  at  1,20  volts.  For  normal  incidence,  the  detection 
cone  diameter  at  the  test  surface  was  about  3.. 8"  in  diameter.  The  results 
are  given  below  in  dimensionless  form. 


Senaing  Angle  (off  normal) 

Potential  Targets 

0* 

5* 

15“ 

30* 

45“ 

60* 

Flat  Aluminum  Sheet  (Specular 

finish,  Alzak) 

347 

7,  4 

.  58 

.  50 

.  40 

Brnsa  Tube  (polished,  4"  dta. ) 

e.2 

3.2 

.91 

.  35 

-  .  25 

21 

•75  mm  Shell,  O,  D.  paint 

.  35 

.31 

.20 

"  .  11 

-  .  09 

*75  mm  Shell  (bright  steal) 

6,2 

1.3 

.37 

“  .  11 

■  .08 

I'  Mt  black  aikyd  rtiain  psir.t 

(on  flat  aurface)  0.19 

« 

Type  HEP-T165En 
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Senalng  Angle  (jff  normal) 


Potential  Terrains 

0* 

5* 

15* 

30* 

45‘ 

60* 

Pure  while  quartx  (No.  16 
graded  ottowa  aand) 

2.  1 

2.  1 

2.  0 

1.  9 

1.6 

I.  3 

White  mareh  concrete  aar.d 

1. 82 

1.  62 

1.60 

i.49 

1. 32 

1. 08 

No.  B-4  White  marsh  gravel 

1.57 

1.  57 

I.  52 

1.44 

1,27 

1.  08 

No,  4-3/8  "  "  " 

1.70 

V  70 

1.68 

1.57 

1.40 

I.  24 

No.  4-3/e  Iowa  dolomltic 
limestone 

1.09 

1.  10 

1.  12 

1.  10 

1.  12 

1.  13 

common  ar-.s,  (cut) 

.7i 

,  (1 

.tl5 

.56 

.  4.3 

.  47 

dead  brown  leaveii 

-  1.37 

37 

-1.  34 

'1.  1 

-1.0 

“  0.  8 

In  addition  to  those  surfaces  listed,  reflectivity  measurements  will 
be  made  of  snow  and  of  mud. 

At  a  sensing  angle  of  about  30®  and  an  altitude  of  about  3  feet,  a 
negative -going  pulse  (not  positive)  is  obtained  when  75  mm  O.  D.  shells 
are  fired  in  daylight  over  a  terrain  background  of  a  mixture  of  soil  and 
grass,  '  Reference  to  the  reflectivity  data  indicates  that  a  negative 
signal  is  due  to  the  greater  reflectance  of  the  terrain  (obscuration  by 
the  shell).  For  increasing  altitudes,  the  missile  subtends  a  smaller 
amplitude.  For  night  operation  (sources  on),  the  geometry  is  compli¬ 
cated  by  the  fact  that  the  flux  incident  on  the  target  differs  from  that  on 
the  background.  Laboratory  measurements  on  birch-wood  pellets  have 
indicated  a  region  of  ambiguity;  i.  e. ,  for  sources  on,  as  in  night  oper¬ 
ation,  there  is  an  altitude  at  which  the  background  reflection  obscured 
by  the  pellet  equals  the  energy  reflected  by  the  pellet.  A  similar  in¬ 
vestigation  will  be  made  for  75  mm  rounds  to  determine  the  parameters 
for  zero  net  return  signal. 


For  daytime  operation,  the  system  lights  were  turned  off. 
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f).  Sensiriff  lie  solution 

Sensing  accuraey  or  'resohition'  may  be  eonsiHered  under  the 
five  categories  of  determining 

a)  The  angle  of  incidence  {angle  ^  in  figure  1) 

b)  The  displacenifMit  of  the  ti-a j.-utfji'v  iiarallel  to  itself 

c)  Alib.ud(! 

(1)  Velocity 

c)  Encounter  time 

Prolirninary  measurements  have  been  made  on  b,  c,  d  and  e 

only. 


Signal  vs,  Parallel  Displacement 

Figure  12  indicates  the  P.  D.  resolution  of  a  screen 
Hub-eletiienl  for  an  arbitrarily  selected  sc*  of  conditions. 
These  data  were  obtained  with  the  large  air  gun  using  4" 
diameter  Styrofoam  cylinders  (simulated  missiles)  at 
normal  incidence  and  at  an  altitude  of  30".  The  line  of 
flight  is  perpendicular  to  the  line  joining  the  detector  and 
source  (i.e. ,  into  the  figure).  For  a  fixed  flight  direc¬ 
tion  the  sub-element  was  translated  along  the  line  joining 
the  centers.  It  is  evident  from  the  figure  that  the  sensing 
axis  of  the  sub-element  is  nearly  coincident  with  the  de¬ 
tector  axis.  The  signal  is  down  ten-fold  for  a  missile  axis- 
fietector  axis  displacement  of  about  3.7"  at  a  30"  altitude. 

At  greater  altitudes  a  larger  axis  displacement  would  be 
required  for  equivalent  signal  degeneration.  Figure  13 
shows  the  overlap  of  the  detection  pattern  of  any  3  adjacent 
sub-elements  in  a  screen.  li  is  obvious  that  F.  D,  resoUi- 
tion  may,  if  desired,  be  increased  by  narrowing  the  beam 
width,  0,  and  reiiucing  the  Bcparatior.  "c".  The  beam  width 
may  be  narrowed  by  using  cither  a  longer  focus  paraboloid, 
a  smaller  detector  area,  or  both.  These  factors  have  not 
been  explored  in  the  report  period. 
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Altitude  and  Velocity 

The  3  sub-element  in-line  sensing  screen  has  been 
employed  to  determine  the  resolution  of  these  parameters. 

From  a  typical  oacillogram  (e.g.  figure  IIB,  oscillogram 
IM)  the  pulse  separation  in  time  may  be  directly  measured. 

This  photo  was  made  with  the  DOFL  air  gun  using  the  ar¬ 
rangement  shown  in  figuic  4.  The  slant  ranges  and  angles 
of  incidence  are  shown  in  figure  14.  The  errors  in  altitude 
and  velocity  are  within  the  experimental  error  (about  5%) 
of  estimating  pulse  peaks  on  the  photograph.  Thus,  in  os- 
■illogram  IMthe  'true'  velocity  is  685  fps;  the  measured 
velocity  is  6''0  fps;  t.he  true'  alapt  range  fo’t  beam  ij2  is  37"; 
the  measured  range  la  about  lO".^  The  displacement  of 
the  first  two  parallel  heams  was  12",  measured  along  the 
direction  of  firing;  the  angular  separation  oi  the  2nd  and  Srd 
beams  was  15*.  At  the  30"  slant  range  the  separation  of 
these  2  latter  beams  was  19.7".  The  true  system  error  in 
measuring  altitude  and  velocity  is  estimated  to  he  less  than 
2%  and  is  due  to  individual  variations  in  reflectors,  detectors, 
focussing,  etc. 

Encounter  Time 

The  encounter  time  shall  be  defined  as  that  time  at  which 
an  acceptable  target  has  been  recognized  in  one  or  more  ele¬ 
ments  of  the  outer  most  screen,  tlwsreby  establishing  a  time 
base  (  T  =  T,,).  It  is  evident  that  the  subsequent  passage  through 
the  two  remaining  screens  will  completely  establish  the  trajec¬ 
tory 


d  =  d(T) 

where  d  =  displacement  in  the  horizontal  plane  of  attack 


The  acconci  'signal'  in  beam  b2  as  seen  in  the  photo  Rhoulrl  he  ignored.  It  is 
due  to  the  Styrofoam  round  striking  the  backstop,  disintegrating.  and(rcbound- 
ing  into  the  last  beam. 
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T  =  time 

dy  "  encounter  'point' 
Ty  =  encounter  time 


Heeause  of  geornetrieai  and  pliyHieal  considerations  the 
encounter  time  will  occur  after  tiie  target  ogive  has  rf  ir.h- 
ed  the  first  [.(elector  axis.  Kigiire  1  h  (oHcillngram  forgives 
the  encounter  time  delay  anrl  round  [losition  in  time  feir  the 
case  of  a  7lj  rnni  HKl-*  roun-d.  The  separation  of  heain  0 
(ist  detector  axis)  and  a  pulse  0  (peak  of  1st  pulse)  is  2f)0 
as.  The  experimental,  parameters  are  given  in  the  figure. 


Die  two  bi  okcii  tract's  at  the  top  '-vcr*e  j 
of  the  round  through  twti  aluininum  foil 


"make"  circuits 


spaced  4k"  apart.  Tlie  cross-hatehed  areas  indicate  the 


1/2  power-jjoint  beam  widths  in  the  plane  of  encounter. 


.yji.L  TEST  AUE.I 

Some  prell/iiinary  data  lias  lieen  oliluined  ou  tlie  .sensing  screen  response 
at  the  nOFL  Test  A’  ea  using  75  nmi  shells  in  daylight  operation  (sources  off  ) 
Figure  110  shows  two  typical  oscillograms  (4F’  and  2F)  for  viToeities  of  atiout 
1.540  fps  and  about  25(10  ffis  respectively,  h’igurc  15  i.s  an  analysis.  It  should 
be  noted  that  the  signals  are  negative  (oh.s. .oration  effei.t),  The  field  arrange¬ 
ment  is  shown  in  figures  15,  17  and  IB.  In  the  foregrouiui  of  figure  17  a  sim- 
[jle  optical  trigger  wliieh  inltiate.s  a  single?  sweep  on  the  cathode  ray  tube 
(not  shown).  Mounted  below  the  sensing  sub-screen  are  two  aluminum  foi' 
'make'  circuits  which  locate  the  arriving  round  in  relation  to  the  three  re- 
eeivi.'d  signals  and  which  serve  to  independently  chock  missile  velocity.  The  .sc 
foils  are  located  48"  apart  and  their  output  is  visible  on  the  os(;i  llograms  6c 
and  2F  as  a  pair  ol  ver  y  .steep  spikes  on  Hit-  upper  trace.  The  cir.cular  holes 
seen  'n  the  foils  were  produced  by  the  actual  firing.  In  the  background  is  a 
mound  of  earth  for  stopping  the  missiles.  All  instrumentation  is  contained  in 
the  mobile  laboratory 
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IX.  SPECIAL  CONSIDERATIONS 


1.  Velocity  Discrimination 


A  successful  system  will  ignore  all  potential  targets  with  velocities 
less  than  about  200  fps.  It  will  also  be  necessary  to  ignore  ail  spurious 
signals  due  to  the  motion  of  the  tank  over  irregular  terrain,  passing 
close  to  objects,  cloud  movement,  personnel  movemeht,  etc.  Such  dis¬ 
crimination  may  be  achieved  by  utilizing  time  gate  techniques. 

The  first  pulse  or  part  of  it  (beam  bo,  figure  19)  initiates  a  finite 
time  gate  corresponding  to  a  transit  time  of  200  fps  for  tlie  target.  Signal 
rejection  occurs  when  the  secund  pulse  (beam  bj,  figure  JO)  arrives  too 
late. 

2 .  IjpK? r ing  Sma  1 1  Arms  Fire 

'Small  arms'  refers  to  all  missiles  of  lesser  calibre  than  the  small¬ 
est  anti-tank  round  commonly  used,  i.  e,,  less  than  about  37  rnm. 

Although  small  arms  fire  would  produce  weaker  signals,  it  daea  not 
seem  practicable  to  utilize  signal  amplitude  as  a  basis  for  rejection  since 
it  would  be  difficult  to  distinguish  between  a  small  object  close  by  and  a 
larger  object  farther  away  unless  more  intelligence  were  built  into  the  sys- 
tern. 

It  should,  however,  be  possible  to  take  adjJantage  of  the  pure  system 
geometry  to  achieve  small  arms  rejection.  Reference  to  figure  1  and  figure 
13  indicates  that  both  the  beam  width,  9,  and  beam  separation  "c",  could  be 
chosen.thht;  for  normal  incidence  at  least,  the  number  of  adjacent  detectors 
alerted  in  any  screen  would  be  well-defined  function  of  altitude  and  and 
missile  diameter.  Thus  lor  any  particular  altitude  of  attack,  a  minimum 
missile  diameter  could,  in  principle,  be  'sensed'. 

3 .  Effect  Of  Ej n vir onment  On  Slgna  1 

With  increasing  temperature,  the  time  constant.  S/N,  and  dark  resist¬ 
ance  decrease  (figure  20A)  and  the  long  wavelength  cutoff  shifts  to  somewhat 
shorterX  (see  figure  20B).  With  increasing  relative  humidity  the  time  con¬ 
stant  increases  rapidly  (figure  20C).  Increasing  the  ambient  radiation  level 
produced  an  effect  similar  to  that  of  increasing  the  cell  temperature.  The 
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response  of  the  bare  cell  is  quite  linear  upi  to  incident  intensities  of  about 
4300  pwatt^./cm*'^.  This  is  a  derived  figure  taken  from  data  presented  in 
figure  20D,  For  a  1  mm  x  1  mm  cell  this  represents  43  pv/alts  of  energy, 

4.  Signal  Ambiguity 

Current  work  at  the  DOFl,  Test  Area  with  75  nun  O.  D.  shells  has  in¬ 
dicated  no  ambiguity  region  in  passing  from  daylight  through  twilight  and 
into  HarkneSB,  That  is,  negative  signals  have  been  recorded  both  day  and 
night  with  signal  level  about  5-fold  down  at  night.  The  sensing  distances 
used  at  the  DOFF  Test  Area  arc  identical  to  those  given  in  figure  14,  w'ilh 
the  exception  that  the  "background  level"  of  figure  14  is  about  42"  below 
the  shell  trajectory. 

5.  Iteliabilitjf  Of  (’elli-i 


The  cells  userl  iri  the  3- suli-e lenient  test  unit  have  shown  no  deiiTioi  ■ 
ation  with  age  over  the  past  seven  inonths,  'I'hey  have  been  in  use  in  both 
the  IXlFFulr  gun  and  the  IX)1‘’I,  Test  Area  and  have  been  exposed  in  the 
course  of  Ittst  work  to  an  ambient  temiieruture  range  of  fi'om  aliout  -5°  ('  to 
f28®C  and  a  relative  burnidlty  range  from  about  15%  to  about  0f)%. 
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Figure  4.  3-EIeinent  Single  F;ow'”Sub  Screen^ 
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level  at  5.00  voUh) 

Figure  8.  Instrumentation  Adjacent  to  Air  Gun  Firing  Room. 
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Figure  9.  PuIhc  Amplitude  vs.  Uoun<l  Velocity, 
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Figure  llA.  Typical  Pulse  Oscillograms. 
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Figure  IIB,  Typical  Pulse  Oscillograms. 
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Figure  lie.  Typical  Pulse  Oscillograms, 


SECRET 


43 


Si  I  ^ 


SECRET 


f.i 


I.  0 


j 


4 


‘5 


■  i 


.2 


i;rrr:T/>K  j;- 

,  i  dojNU  -  ‘^"  Xi2  LOAft 

^  I - -  cry  f^oroAti 

\ 

VfLOClTV-'  ^'OC) 

/ 

/!/  TiTuPC-  zi  >''2(-'  T 

I  PfcT  - 

I  I'lfi'ic  ^foKl^AL  TO 

j  g,^r/-J  vf.  roii.  /)  x/i' 

I  f^u'O  TO  LujC  tJniifiilC 

1  Co  U iw  C  C  T\  A,/  0  10  T  T  I  C  T Of( 

(nOTO  PLM*C  OF  PaPER) 


•0—  /w4''  y)  iv^  AT 


L£\/eL 


/ 

/ 


“5  “A  -2  I  0  +l  *2  "^5 


Figure  1Z-;  Signal  vy.  l-*araUel  Displacement. 

SECRET 


45 


SECRET 


r. _ _ (. 


I- (9 


)  r  - 


■p/r  J  fiO  rj  (f-/)  TTff^./^S 

Of  3 

SUb  t:  LI' 

OCALB--  ^PlCJUF^l  nze 


Fiffurc:  13,  Overlap  of  Detection  Patterns. 


SECRET 


SECRET 


Figure  15.  Typical  Signal  Pulses,  3- Element  Sub- 


Figure  16,  DOFL  lent  Area. 
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I  '!!  ,  APPENDIX 

Equations  for  Firing  Time  and  Position  of  Defending  Charge^ 

'  .  '  .  .  by  ■ 

O.  Cruzan,  H.  W,  Kohler  and  H.  W.  Straub 

The  tank  is  surrounded  by  three  optical  screens  consisting  of  sensing 
beams  bo,  hj,  b2  (figure  19)  which  are  shown  originating  from. an  outrigger 
at  the  tank  wall.  Two  of  the  screens  are  parallel,  making  an  angle  a  with 
the  vertical,  and  have  a  horizontal  spacing  "a".  The  third  screen  originates 
at  the'  same  the  second  Bcreen^  and  make'i  an-angle  3  A'ith  the-^verti^— 

cal.  The  defending  charges  are  arranged  along  a  line  parallel  to  the  base  of 
the  three  screens  at  a  distance  s  from  the  intersection  of  the  second  and 
third  and  their  trajectories  make  an  angle  y  with  the  vertical.  The  sensing 
beams  bQ,  bj,  b2  and  the  trajectories  of  the  defending  charges  iie  in 
planes  parallel  to  that  df  figure  19a.  '' 

A  projectile  approa<;hes  from  the  right  along  a  straight,  horizontal 
trajectory  P^.,  It*  velocity  its  horizontal  angle  of  attack  and  its  height 
"h"  of  attack  arc  unknown.  It  traverses  the  beams  bQ,  bj,  b2  at  points  0,  1,  2 
at  times  Tq,  Tj,  T2-  The  times  Tq,  Tj,  T2  are  measured,  and  the  coordi¬ 
nates  y^,  y.,  y^  of  the  origins  of  the  traversed  beams  are  known‘^\  Before 
the  projectile  reaches  point  11,  a  defending  charge  located  at  cooi-dmate  y^  ia 
triggered  at  the  right  firing  time  Tj  so  that  its  fragments,  which  move  at  a 
velocity  V,,^  arrive  at  point  'i  at  the  same  tine  as  the  projectile. 

The  t'<jmputer  determines  from  the  given  parameters  a,  B,^,  3  V^, 

and  from  the  mcasurcrl  data  y^,  yj,  y.^.  'I'^,  'I’l,  T.^  the  firing  tin  e  'ly  and  the 
coordinate  y^  of  the  cllarge  to  l)c  fired,  and  gencrat^es  and  transmits  at  the 
tiniC  TfiU  triggering  piilse  to  the  charge  [)().';itione('  at  y.^  so  that  tile  flesircni 

.  '  "  -.1 

1)  For  a  more  general  pre.seritatton  see,  rX)FI,  TR-  433,  "Theoretical  Analysis 
of  a  Dash- Dot  Sensing  System"  by  O.  R.  Cruzan.  . 

i  '  ■  ' 

Note  that  the  coordinate.^  Xq,  x  ,  x  are  not  known,  being  functions  of  the  un¬ 
known  height  "h"  of  attack. 
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collision  occurs. 

The  equations  for  which  the  computer  has  i.o  be  designed  will  now  be 
derived. 

B^juation  fo'.  Firing 'I'inic 


In  order  to  obtain  collision  at  point  .'i,  tliere  must  tie 


where  Tf  is  the  firing  time,  '1^.  the  traiiHii  time  of  the  i;t)i)rge  fragments 
to  point  3,  an(i  T3  the  time  of  arrival  of  itie  pr  ojectile  appoint  3, 

For  one  gets  from  figure  19a 


V^^,.  COM  7  a  i 

where  h  is  the  height  of  attack,  ^nd  V,-.  the  velocity  of  the  defending  ctiarge 
fragments.  Substituting  in  (1) 


Tf  -  T3  - _ h _  (3) 

V,..  cos  7 

T3  and  h  are  not  known  and  have  to  be  delerminert  from  known  parameter  s 
and  data. 

For  h,  one  uses  thr;  equation 


^^'1  -  --  ':'bl 

1  -  Tl  dil/Vnr 


v/hcr'C'  j  ijj2  ^  tMt?  m  (joiniH  0  to  1  fijici  1  to 

respectively,  on  the  projectile  trajectory,  and  i.s  the  projectile  velocit 
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Elementary  go ome try  shows  that 


V  v  A  and 

(1,2  '  X,  -  X2 


X(j  -  xj=  a 


For  xy.-  X2  one  gets  fiurn  tr igonotnetry 


—  /tn  4>«»«  _  /It  n  ’  ij\ 

- v»  l~— 'a  »  5-  ^ ^  } - V*  •-* 1«*  rl-f  r—,  rir-, - 

':j 

-  h(tari  a  -  tan  /3)  1 


therefore 


■  j  "  a 

<i  I  2  h  .  (tan  a  -  tan  /3 

Substituting  («)  irj  (4)  anri  rear fatieing; 


;h :  ji_ 

tan  (/  tan  fi  '1'^  -  Tq 


F<jr  one  may  use  an  ecjuatiotj  like 


'h^  T,  <J,3/V,n_ 

-Ioi7v„, 


wht?ro  fi[3  is  the  dij.stance  between  points  1  and  .3  on  the  projff-'Ule 
trajectory. 
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^■"■’ — ‘5^  -.r:  "1-  ■/,  / 


Again  from  geonietry*  and  reirAembering  that  Xq  -  =  a,  one  gets 


^1-,;  ^3 

_  _ _ *^01  .  \  _ ; 

Trigonometry  gives  for  Xj  -  | 


Ij  ■  *3  ”  •  tanoT  a  -  h..,')'tan  7 


=  Ih  (tan  Cf  -  Jin  y)  +  « 

Cnl.aH»iitinti  M  9)  in/lU  /lU  in  /J  fit  atifi  rf>;irrj»nffitiff- 

.1  ■'  •' 

-  '  ■  ■':'■> 

,/il  '■  '■ 

T3  ^  Ti  +  h  (tun  Q-  -  itan  7)  -i  a  ^  ^ 

If  one  now  introduces  in  (3)  the  value  of  h  from  (D)  and  that  of  T3 
frorr  (1^),  one  gets  finally 


^  .  Tj  f  tan  8  .-ian_:L(T2  -  Tj)  -  a  (Tj  -  T^) 


tan  a  ‘  tan  0 


.  '^2  -  '^l 


Equation  fo^ 


Vj,  cos  7  ( tan  o  -  tan  /I)  T  j  •  1  q 


te  y-j  of  Charge  to  he  .Fired 


01  the  (letermiination  of  yy  one  may  use  an  equJUlon  like 


'!  '^3'”'  ^1. 

„  'I  _  _  ■  _ _' _ 

'  yi  -  yo 

which  follows  fronri  geometry. 


'^1  y'^3 
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SubBtitutinc  Xj  -  Xj  from  (]2),  and  again  remembering  th^t  =  a, 

one  gets 


y3  '  .  i  (tan ^  -  tan  y)  +  s  (If 

yi-Yo  -  a 

Introducing  In  (16)  the  value  of  h  from  (0)  and  rearranging  finally 
yields  ‘  '.I 


y  tan  cr 


q’ 

tan  ff _ ^ 


tan  O'  -  tan fi  -p 


1— 


-'Eg 


(yj  -  +  ^<yi 


(r 


Frcrn  equations  (14)  and  , (17),  the  position  of  the  charge  to  be  fired  and 
its  f'  ving  time  are  determined  for  any  velocity  of  the  oncoming  projectile, 
and  for  any  height  and  angle  of  attack. 

If  the  projectile  trajectory  cannot  be  approximated  by  a  straight,  hdri- 
zontal  line,  an  .arrangement  of  npore  than  three  screens  must  be  used. 

Compilation  of  Equations  for  and  y^^ 


If  in  equations  (10)  and  (15)  combinations  of  T'a  and  d's,  y's  amd  x's 
other  than  those  us(fd  had  been  chosen,  equations  for  Tj-  and  y^  of  differeni 
structures  but  giving  the  same  ultimato  values  wdulri  have  resulted.  The 
follmving  equations  are  obtained  by  changing  the  combinations,  I'For  the 
matter  simplicity,  the  abbreviations 

Q  -  tan  O'  -  tan  y  (18 

tan  O'  -  tan  /i 


?r-.d  P  =  (tan O'  -  tan(i)  cos  y  (19 

are  used. 
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Tf  =  Tq  +  +  1)  (T^  -  To)  +  Q(T2  -  Tj)  - 


Tg  -  T, 

T  j  -  To 


'  s  T„  -  T, 

Tf  =  Tj  +  Tj-  (Tj  -  Tq)  +  Q  (T,  -  T,)  - 


2  M' 


Vc  Tj  -  Tq 


Tf  =  T2  H  t  (Ti  -  Tq)  .  (Q  :  1)„(T2  -  T,)  + 

H  Vj..  ,  1  M  ■  ‘O 


T  -  T  '’  , ,  , , 

V.  ■=,  V-  4-0  ^  t - -  .  1^ 

-•'3  •'  u  '  "  nr~Z~f'-'  2  ■'  0'  ^  '^a - 'TfT— "  -^(0 

^2*0  ^2  -Tq 


--  ^0^  ^  ;5^'  <yi  -  V  M  i-  4  1)  <yi  -  yq) 


yg  =  yo  +  Q (y2  -  yi)  +  (  f  +  2)lllA(y2  -  y^) 

12  '  1 1 


y3  =  yi  Q  (y2  -  yb)  ^  f  p-^-5-  <  y2  ~  yo) 

^2  ^0  ”2  ■  ^0 


y^  ^yj.4 


T2  "  Ti 


'^~fP"Tn^'  ■  ^  u‘ 


y.'j  =  yi  +  Q  (  >-2  -  yi)  +  — ~  (yg  -  yj) 

^2  ■  M 
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=  Yg  +  (Q  '  (Yo  -  Yf,)  ^ 

d  2  2  0 


s 


a 


T]  -  To 

^^2  -  To 


(17g) 


y;j  ^  Ya  t  (Q  -  1)^  (y,  -  y„>  , 


-  -^(j) 


;  I7h) 


y^  =  y.^  +  (Q-1)  (y2  -  Yj) 


•H 


(17i) 


Froiii  each  of  the  above'  sets  c>f  'ec)uati(»iis  (  14  a  to  c)  and  (17  a  to  i) 
one  equation  has  to  be  selected  tlwt  pr(>tn'iKe.s  a  minimum  of  difficulties 
in  desiftninn  the  computet'. 


G3 
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